Introduction
One of the most exciting prospects opened up by the high energies available at NAL is the study of the weak interaction. At present, neutrino physics has only been studied for E < 10 GeV. Our experiment is v designed as an initial probe of the very high energy neutrino processes, extending to the highest energies accessible (Ev ~ 300 GeV).
We propose at a very early stage to run in a high energy neutrino beam with a very modest apparatus. The experimental setup described in the next section will do a W-search and measure the deep inelastic scattering simul taneously. We will also obtain information on the A-dependence of the cross section and make a measurement of the energy dependence of the total cross section on heavy nuclei. This will provide an important early look at high energy neutrino physics.
We will also be capable of more refined measurements of the total neutrino-nucleon cross section as a function of energy; antineutrino comparisons; and further measurements of the inelastic cross sections.
The physics which we propose to explore in this extreme high energy region is focused on the most fundamental initial questions. These include: If so, one can replace the four-fermion vertex by connected three particle vertices, as illustrated below for t3-decay. mass> 2 GeV/c many decay modes are possible and it is difficult to calculate the decay rates for pure hadronic decays (e.g., W+~rt+ + rt°). -4 However, YamagUchi(l) has argued that the branching ratio s~n '2 and E' is the scattered ~ energy E is the incident v energy 9 is the lab scattering angle, assuming a current-current form for the weak interaction. Equation (1) looks identical to the ep scattering formula, except that W 3 , which is associated with the parity violating part, is absent in ep scattering, and the factor G 2 /2 replaces(2~)2/q4. This latter difference means that the neutrino inelastic scattering cross section does not contain the sharp 1/q4 fall-off found in the electron case.
One of the basic questions is whether the neutrino process shows the same behavior as the electron processes. A difference, at the 2 same q and v, would indicate some fundamental modification to the weak interactions.
Another question that can be investigated is the hypothesis of scaling. Under the assumption that the nucleons consist of fundamental transverse "partons" that themselves have no structure and very little/momenta, the functions W l , W 2 , and W3 exhibit scale invariance (i.e., are functions of a single parameter w = 2MV). (6) The functions are observed q2 to scale in the q2 region accessible to SLAC ep scattering (q2 < 7 Gev 2 ).
It will be of fundamental importance to see whether this scaling extends to the q2 accessible to 300 GeV neutrinos (q2 ~ 600 GeV 2 ). It should inax be emphasized that only ~5% of the total events at 300 GeV lie in the q and v region covered at SLAC. This means that most of the data will 2 -6 be in a new and totally unknown region.
The dependence of the structure functions on w carries inforFor example, (6) mation on the detailed structure of the nucleon. It is also very important to compare inelastic v and v cross sections. Adler(7) has derived, using current algebra, the following sum rules for the infinite neutrino energy limit Ev in GeV works at these energies. Fermi scattering from a point particle predicts such a linearly rising cross section. Eventually this rise will violate the unitarity limit (0 < ~ n A2) but this occurs at ~105 GeV, well beyond NAL energies.
The cross section may, however, turn over at much lower energies. In seeking the best means of studying these physics questions we have given particular attention to the advantages of knowing the incident neutrino energy and angle. We propose to make a "monochromatic" neutrino beam by using the highest energy neutrinos from the decays of the K mesons in a momentum-selected beam. This is done by only looking very near the forward direction, thus obtaining a narrow band of neutrinos from the K decays. In this way we can put neutrino physics more nearly on the same footing as most hadron experiments.
In the W search, the independently-measured neutrino energy and angle permits the mass of the W meson to be reconstructed for each event, with an accuracy of ~lo%. In addition, the beam is free of antineutrinos (since the charge of the hadron beam is selected unambiguously), which gives an additional handle on the identification of the events. The signature for + a W candidate will be the appearance of a ~ , ~ pair, with no hadrons.
The W-decay ~+ has a large transverse momentum, while the ~-has relatively low energy. The presence of a distinct peak in the mass spectrum for such events will be a great advantage in establishing the existence of the W, as well as providing important information about it. It will also be -9 possible to investigate the angular distribution of the I-!+ in the W decay.
The decay mode W~ e + v, which should be equal in rate to the W~ I-! + v mode, should also be detectable in our apparatus. The high energy electron will produce a short-lived electromagnetic shower, with no hadronic component, and therefore appear anomolous.
The W will be detected even if it does not often decay into leptons.
In this case, the processes are An important practical advantage of using a monochromatic neutrino beam is that it is possible to do the experiment with a relatively modest detection apparatus. These considerations do not affect the W-search. While it is highly unlikely that they will affect the deep inelastic cross section, at htgh q2, there may be some effect in the total cross section. We expect to test whether the total cross section is proportional to A, and to check this question at least at one energy with hydrogen. If it becomes desirable,
we will be capable of measuring the total cross section on hydrogen over the energy range 100 < E < 250 GeV. II. Experimental Method
A. Introduction
We have tried to devise an experimental setup which is as modest as possible and still sufficient to do the physics. The fact that we have monochromatic neutrinos allows us to relax somewhat the demands on the rest of the apparatus. What we mean by "monochromatic neutrinos" is the following:
In the target box we have a simple beam transport system which selects hadrons within a ! 5% momentum bite, forms a parallel beam, and directs it down the decay tunnel.
The energies of the neutrinos from kaon and pion decay are correlated with their laboratory angles, with the highest energy v's going at zero degrees. By making the detection apparatus subtend a small angle we can accept only neutrinos within a small momentum band near the respective end points for kaon and pion decays:
The separation of the two portions of the spectrum is accomplished by very rough measurement of the total final-state energy in the detector. We shall concentrate on the narrow spike of high energy K-decay neutrinos in this proposal.
The overall experiment layout is shown in Figure 3 , with a detail of the detection apparatus in Figure 9 . The detection apparatus consists of W production with decay other than ~, v will have a topology similar to inelastic scattering, except that the distribution in muon energy will contain an excess of low-energy muons. The size of the effect will depend strongly upon the beam energy. For the particular case W~ ev, the shower accompanying the low-energy muon will be much shorter, as there is no hadronic component.
B. Hadron Beam
As the first step in the production of a monochromatic neutrino beam we form a relatively narrow-band, parallel hadron beam at the entrance to the decay tunnel. The requirements on this beam are (1) the momentum should be resolvable within ~p/p ~ ± 5%; (2) the divergence should be less than ~±.2 mrad at the highest energies (this can be relaxed somewhat at lower energies); (3) the beam should be able to go to the highest energies -15
at which usable fluxes of kaons will be produced by the accelerator at its maximum energy. We take this to be 300 GeV.
A first attempt has been made to design a simple beam meeting the above criteria, which we present here to establish its feasibility. The arrangement is shown in Figure 4 . 
c. Monitoring System
Because we intend to use a momentum analyzed hadron beam, the moni toring of the neutrino flux becomes simplified and direct. To demonstrate feasibility we mention the following scheme which utilizes a small area downstream of the 10 meters of Fe at the end of the decay region. Figure 6 shows the average number of /lIS per unit area downstream of the Fe as a function of radial position from the center of the hadron beam, for E = 300 GeV. Also indicated is the rIDS radial shift due to multiple hadron scattering in the iron for 150 GeV Il.
The very sharp forward peak from rt decay will be a very useful signal to monitor the stability of the hadron beam direction. By equalizing the rates in counters placed at equal positions on each side of the center line,
we should be able to keep the center-line of the beam fixed to < 0.05 mrad. The monitoring system will be internally checked to determine that the radial distribution of Il'S is as expected. We can also make an absolute calibration, by running at low beam levels and comparing the monitor counts directly to the number of K's in the beam. A very modest counter hodoscope consisting of around ten small counters will accomplish this.
D.

Shielding
The full 500 GeV muon shield is probably not required in this experi ment. This is because we have (a) dumped the 400 GeV proton beam in the target box, (b) transported only a fraction of the secondary hadrons down the decay channel, (c) utilized a high momentum hadron beam and therefore confined the decay muons to the forward direction, (d) placed our apparatus 600 meters from the end of the decay channel.
A number of possibilities involving pitching the forward muons into the ground using magnetized iron were discussed in the 1969 Summer Study. (14) A very modest version of such a scheme should keep the muons through our apparatus at a tolerable level. As illustration, 100 kg-m of bend at the downstream end of the decay region will displace 300 GeV IllS by about 20 feet at our apparatus.
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E.
Muon Beam
In connection with the above suggestion, we note that the narrow-band hadron beam which we propose is also a good source for a muon beam. 'l'h.!£> opens up the possibility of forming such a beam by using, for example, an iron magnet at the end of the decay tunnel to deflect muons into a muon experimental area. This would double as a sweeping magnet for the neutrino beam. Muon and neutrino experiments could thus run simultaneously in area 1.
A simple extension of this beam would permit bringing muons into the neutrino apparatus. This is very desirable for check out and calibration purposes.
F.
Neutrino Beam
The kaons in the hadron beam decay about 64% of the time via
The kinematics of this reaction is such that, for small neutrino angles,
E v
The relation between E and g is single-valued, so that the zero mrad The yields of neutrinos from K~2 decays hitting our apparatus as a function of energy are shown in Figure 8 .
G. Target-Calorimeter
A blown up view of the experimental arrangement is shown in Figure 9 .
We have made the target only 1 meter x 1 meter in cross sectional area.
Although it is technically possible to make apparatus of much larger cross sectional area the rates seem sufficient for the smaller size.
The target will consist of repeated modules, one interaction length of material followed by a liquid scintillator. For Pb or Fe this would be 4 inches of target followed by scintillator repeated for a total of 10 meters of target material. Also wire spark chambers will be put with every second scintillator. The liquid scintillator will be used to sample the hadron shower and measure its energy. (15) The wire spark chambers will be used to follow the muon tracks. corrections of 20-40% had to be made for unsampled energy. The application of the calorimeter to neutrino interactions is complicated by the fact that the initial hadron system is not a single strongly interacting particle.
The initial hadron system, for neutrino interactions, will have unkno~l multiplicity, charged/neutral ratio, as well as K/n ratio. Since we measure the neutrino energy independently, our calorimeter can be calibrated directly on neutrino interactions, so that systematic effects should be small.
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Considering the experience of previous experimenters and wtthout extensive calculations, we will assume that we can achieve a standard deviation of 2510 on the measurement of the energy in the hadronic shower. This is quite adequate for our purposes.
In order to study the dependence of the cross sections upon nuclear mass number, different materials will be used in the target. Good counting rates are obtained with both lead and iron, which gives a variation by a factor of ~4 in A. Portions of the target can be replaced with other, less efficient materials for runs at the neutrino energy where the flux is highest.
Runs with liquid hydrogen would be made using a slightly different arrange ment: in this case the hydrogen would be placed in front of the heavy target, which would still function as a calorimeter.
H. Muon Spectrometer
Rather than trying to stop the high energy muons(it would require 3 meters x 3 meters x 150 meters of Fe at 300 GeV), we propose to measure directly the muon momentum in a magnet. A rather inexpensive solution which we propose is an iron core magnet, toroidal in shape with the axis of the toroid along the v-beam direction. The magnet, shown in Figure 9 , is limited in resolution by the multiple scattering in the iron. Table I indicates some typical resolutions expected for running at 300 GeV. We first list parameters that are directly measured. The energy errors have already been discussed. The errors on incident neutrino angle are quite small due to the large distance between the decay region and the apparatus. The errors on the outgoing muon angle are dominated by multiple scattering. They are divided into two cases: (1) when there is no large hadron shower) the muon will be measured starting from the interaction point; (2) when there is a large hadron shower) there exists a distance (~1.9 meters) over which the muon is unmeasurable.
From the measured quantities) we have indicated some calculated variables of interest. We have used the constraint on energy conservation, Table I Resolutions for E = 300 GeV Multiple scattering of muon Angle (9 ) in target-detector J.l (no hadron shower)
Error in E for large v. Figure 10 . The experiment should be sensitive to W production for W's up to 15 GeV in mass. These rates assume the branching ratio into ~v "-'lCf{o (so the total rate for all decay modes is a factor of 10 higher). 
K.
Request for Time
Our rate calculations assumed 400 GeV protons, 10 sec rep rate, and 10 13 interacting protons/pulse.
We propose to carry out the measurements outlined in this proposal assuming the above parameters with ~2 x 10 18 interacting protons. This represents 250 hours -test time at low intensity 500 hours -data taking.
It should be noted that our experiment, which could be ready at a very early date, is capable of interesting physics at reduced intensity. For 12 example, for 10 interacting protons/pulse we would produce 10 events/day of hypothetical 8 GeV W-bosons and even an estimated 1 event/day of the type W~ ~ + v. Also, we would obtain 100 events/day in the inelastic spectrum.
L.
Summary of Experimental Equipment
Below is a summary of the main experimental components needed for this experiment.
(1) Hadron beam components for the target box. 
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A. Neutrino beam
The neutrino beam ,\las discussed in section Ill" of the proposal (p. 18). For the purpose of obtaining a monochromatic neutrino beam, the s consists of the high energy peak of neutrinos from K1l2 decay. The background presented by the 'IT1l2 neutrinos was discussed in the proposal. We have calculated the yields for two adell tional sources of cff--enc~-gy neutrinos:
(1) K1l3 and Ke3 decays. These decay modes give neutrinos in a broad spectruTIl extending from zero to '" . 75 E K . 17igure A·I shows the neutrino spectrum "dtl! the background effects included, for the case EK == 300 GeV. The K£,J decays contri bute the shoulder on the high side of the 'lTjJ2 peak.
(2) Decays from before the first magnet of the hadron beam. As indicated in Figure 4 of the proposal, the hadrons produced in the target drift for'" 88 ft.
before the charge and momentum selection is made. Although this distance is short compared "lith the decay tunnel: because of the much wider contributing energy range this background becomes non-negligible at the lower energy settings.
A small refinement of the hadron beam will reduce this background significantly.
The idea is to arrange that the front-end drift space is not directed parallel to the decay tunnel axis, according to configuration 
B. Backgrounds for ld-s earch
In this section we shall discuss briefly the kinds of neutrino interactions that tend to have signatures similar to that of a W meson. If the I.] is massive it will be produced only by high-energy neutrinos. A feature of the monochromatic beam is that \V"hen it is tuned to high energies, the very large 1m, energy part of the neutrino spectrum that would otherwise be present is largely removed (see with antineutrinos, the neutrino background is as large as 15% at the worst energy (50 GeV). Because of rate limitations we expect to take antineutrino data at only one energy, which will be chosen to optimize rate consis tent with keeping the background at a negligible level. The neutrino background in the antineutrino sample affects only thos e events in wh ich the muon range is too short to permit determination of its sign.
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II. Rates for
It is nElt1.1J:<l.l to assume that since our beam accepts only a 10% momentulll bite, the rates ,.;rill be lower than those for a beam which does not make this selection.
It is the purpose of this section to point out that in the search for very heavy Wls the rates for our beam are comparable to those of a wide band system. Rate is not a problem for the rest of the physics in the proposal.
The production of high mass WI s is dne to the t energy neutrinos.
This can be seen by at the vJ-production curves, Fig. 1 of the proposal.
These neutrinos, in turn, come from pions>.: 300 GeV and kaons >.: 150 GeV. Actually, the contribution of 150 GeV K--mesons is less than that of 300 GeV K-mesons, since the cross section ris es sharply vlith energy. As a result, a 30 GeV band of hadrons at ru 300 GeV includes a large fraction of those which contribute to the counting rate.
Another factor makes the rates more favorable for our momentum selected beam. The hadrons are very well collimated (ru .2 meters in diam. at the end of decay tunnel t and /).8 ru .1 mr.) for our beam. A ,.;ride band sys tem in contras t fills a 1 meter diameter decay tunnel and has much angular divergences.
As a result, our beam a much better collimated beam of neutrinos than does a wide band beam. A comparIson of the flux of neutrinos vs. radius at our detector is shmvn in Fig. A-2 for our beam and for a model of a wide band beam.
In order to match this distribution our apparatus was chosen to be 1 m. x 1 m.
in transverse dimensions while any wide band system is usually chosen to be at least 2 m. x 2 1,1.
material.
Calculations have been made comparing in detail a wide band beam with our beam for production of l.;rl s > 10 GcV. Actual rates for these heavy WI due to the very large differences in K+/1r+ ratio fOI" diffe·rent production models.
Howevex" , \':8 find independent of thes e assumptions that for equal tonnage, a ,vide band arrangement with a larger arc"a detector allvays lUls less rate than our experiment. The actual factor, which depends on KIT[ ratio, type of wide band system used, H ' etc., varies from 1.3 -3.0.
W
To sununarize, our advantage in rate due to haVing the neutrinos \vell collimated more than offsets the losses due to our momentum selection in the hadron bema in the search for the heaviest W's.
III. Huon Sh
Due to recent questions concerning the muon shield for the bubble chamber,
we '\vould like to emphasize the fact that our experiment does not require this shield.
Since our experiment is placed 600 meters dO';vl1s tream of the decay region (in order to obtain our monoenergetic v-beam), it is possible without compromising the experiment to use shield. an =:::...=;;:.:.
The highes t energy muons ever. produced in our beam are 300 GeV I c. The energy loss in earth is 'V .45 GeV Imeter, which means that 'V 670 meters of earth stops our most energetic muons.
The experiment could use either a mixture of earth and iron and remain at 600 meters or pure earth and move to say 800 meters. Hoving the experiment gives only 'V 25% reduction in rate and actually improves the energy and angular resolution on neutrinos.
IV. Es_timated Cos t o~_ Equipmen~
We have proposed an apparatus of minimal size and complexity to perform our A-5 experiment. YJe have been able to relax somcHhat the demands on the apparatus, since we independently determine the incoming neutrino angle and energy. The iron core magnet is only 2 meters thick, since 13 -16% energy resolution on the muons is adequate. Our proposed Calorimeter-target is only rv 1 m. x 1 m. transVerse and is rather coarse in sampling stations. This is possible since the rate is adequate and calorimetry requirements are not severe (± 20 -25%).
BeloH is an es timate of the cos t of our 
